In practice the measurement of alcohol concentration in body tissues is usually confined to blood, urine and breath. Until the last decade the direct measurement of alcohol concentrations in blood was a relatively rare occurrence. The technique, which involved extraction from blood followed by an oxidation-reduction reaction, was complicated, tedious to manage and time consuming. Moreover since the measurements were usually made for medico-legal reasons particularly in relation to driving offences the cooperation of the alleged offender was not always forthcoming when a blood sample was requested for analysis.
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Thus in 1965 when the Government of the day announced plans for making it an offence to drive with more than a stipulated amount of alcohol in the blood it became clear that a simple and rapid direct method for determining the alcohol concentration in blood would be needed and that in addition, some form of compulsion would be necessary to ensure that blood samples would be provided for analysis.
Blood Measurements
Fortunately some years earlier work by Chundela & Janak (1960) had established that gas chromatography offered the prospect of a relatively simple and accurate method of analysis, and further work by Curry et al. (1966) demonstrated that the basic technique combined with an internal standard was capable of determining the concentration of alcohol in minute blood samples in the micro-litre range and that the whole procedure could be completed with a high degree of accuracy in approximately 4 minutes.
In our hands when a gas chromatographic technique using a chromosorb-carbowax column and incorporating propanol as an internal standard was employed to analyse known quantities of alcohol in water and in blood the measured values were accurate to within 0.52 % and when the same samples were analysed repeatedly a high degree of reproducibility was obtained (s.d. 0.55).
The fact that the alcohol content of blood can be measured accurately by gas chromatography does not resolve all the difficulties particularly from a forensic aspect. For example, it has been shown that in any given blood sample the alcohol content of the plasma is substantially higher than that in the red blood cells. Payne et al. (1968) analysed blood samples from 20 volunteers who drank different amounts of alcohol in various forms and its was found that the distribution of alcohol between the plasma and the red blood cells was in the proportion of 1.54:1 (s.d. 0.176). Similarly the alcohol content of the plasma was consistently higher than that of the corresponding whole blood with a ratio of 1.18:1 (s.d. 0.057). In practice this means that in any given blood sample there is about twice as much alcohol in the plasma as in the corresponding red blood cells. This observation is significant on two counts. First, if a blood sample submitted for analysis is clotted the analysis may be carried out on serum rather than on whole blood. Under these circumstances an artificially high value may be obtained for that sample unless precautions are taken to ensure that the erythrocyte components of the blood are included in the aliquot analysed. Second, and perhaps more important, it invalidates the claim that such accepted standards as the urine/blood ratio and the blood/breath ratio can be used to derive accurate blood levels from measurements of the alcohol concentration in urine or breath. The reasons are that since the alcohol concentrations both in urine and breath are equilibrated with the alcohol concentration in plasma once absorption has ceased, and since the plasma concentration for any given whole blood concentration of alcohol varies with the hbmatocrit it can be expected that the urine/blood and blood/breath ratios will show similar variations.
Urine Measurements
Urine analysis presents few technical difficulties; the sample is usually easy to collect and more than adequate in size. The handling problems are minimal and the analytical procedure itself is relatively simple. The difficulties arise essentially when attempts are made to derive the alcohol concentration in blood from the results obtained in urine by means of a conversion ratio since considerable controversy exists about the choice Proc. roy. Soc. Med. Volume 68 June 1975 of a suitable factor. In the United Kingdom a conversion factor of 1.33 has been recommended by a Special Committee of the British Medical Association (1965) and indeed this ratio has now been incorporated into the British Legal System by Act of Parliament, first in the Road Safety Act (1967) and confirmed in the Road Traffic Act (1972) . Section 12(4) of the latter Act states that '107 milligrammes of alcohol in 100 millilitres of urine shall be treated as equivalent to 80 milligrammes of alcohol in 100 millilitres of blood'. Unfortunately acceptance by the Law does nothing to improve its accuracy. And although Payne et al. (1966) obtained good agreement between urine and blood samples when this factor was employed in a laboratory study under carefully controlled conditions the same group (Payne et al. 1967 ) and others (Morgan 1965 , Stevens et al. 1966 ) failed to achieve the same precision when the ratio was employed in the field of law enforcement where conditions were more variable. For example when 518 paired urine and blood samples obtained from accused motorists were analysed the mean urine ratio obtained was 1.38 and the range extended from 0.92:1 to 2.32:1. Moreover, of 12 volunteers who had blood alcohol levels in the 50-80 mg/100 ml range, i.e. in the social drinking range, no fewer than 11 had urine/blood ratios greater than 1.33 (range 1.09 to 2.17); of these 5 would have been convicted had they provided a sample of urine for analysis under the Road Traffic Act (1972) regulations (Payne 1968 ).
Breath Measurements
If the urine/blood ratio is suspect, the situation is even more disturbing with regard to the blood/ breath ratio where the range of variables involved is substantially greater. Breath analysis for alcohol is based on the principle that the distribution of alcohol between the circulating pulmonary blood and alveolar air occurs by simple diffusion and that consequently once equilibrium has been reached at a given temperature the ratio between the concentration in the blood and that in the alveolar air is constant. Thus it is widely accepted but not proved that the mean value of this partition ratio at the average temperature of expired air (34°C) is approximately 2100:1.
According to Henry's Law such a relationship must be temperature dependent and the ratio will fall as the temperature rises. Unfortunately there is little uniformity of opinion about the temperature at which the partition coefficient of 2100:1 is operative nor is there any better agreement about the correction factor to be applied where variations of temperature exist. In this connexion, from values obtained by Harger et al.,/1950) in tonometer studies Payne et al. (1966) calculated a ratio of 2064:1 at 34°C with a correction factor of 5.8% per degree change of temperature in the physiological range. However, Borkenstein (1965, personal communication) claimed that 'a properly collected deep-lung breath sample taken from a person whose body temperature is 37°C will represent arterial blood at a ratio of 2100:1. Variations in body temperature will change this ratio by 7 % per degree centigrade'. And Dubowski (1963) argued that a 1% increase in actual alveolar breath exit temperature between 34'C and 37°C would tend to increase a blood alcohol concentration calculated on the basis of a 1:2100 ratio by about 6.5 % over the actual level.
The position is further complicated by the repeated failure of virtually all investigators to demonstrate a constant ratio of 2100:1 even on one individual despite many attempts to do so in studies in which measurements of alcohol in breath have been compared with similar measurements in blood. Despite considerable variation in the methods used for analysis most investigators have found that when such comparisons are made on the basis of the 2100:1 ratio almost invariably blood alcohol levels derived from breath measurements are lower than direct determinations. Thus Bayly et al. (1960) in Australia showed that with a true blood level of 100 mg/100 ml breath analysis might yield levels as low as 50 mg and examination of Harger's data from the United States (Harger 1963) reveals similar differences between breath and blood. In the United Kingdom a tendency for breath analysis to give readings below those obtained from blood is apparent in the data of Begg et al. (1964) and in a limited study of two subjects by Enticknap & Wright (1965) who admitted that the breath/blood ratio could only be determined empirically. In a more detailed study of 21 volunteers over periods of several hours Payne et al. (1966) demonstrated that estimates of blood alcohol concentrations derived from breath analysis deviated considerably from values obtained directly and that almost invariably breath analysis underestimated the alcohol concentration in the blood.
More recently Alobaidi et al. (1974) have used a helium-neon laser infra-red gas analyser for the in vivo measurement of breath alcohol. This instrument was shown to have an accuracy under controlled conditions of +2 parts/106 but yet again comparison with directly estimated blood alcohol concentrations produced results below the expected values. In this investigation 6 volunteers were studied over periods of several hours and the blood/breath ratio was shown to vary not only from one individual to another but also in the same individual at different times. Since the techniques for measuring alcohol concentrations both in breath and in blood have now been refined to give a high degree of accuracy and reproducibility, the discrepancies between the results cannot be explained on the basis of the margins of error inherent in the techniques and therefore it must be accepted that the observed variations are genuine. The question that then arises is whether or not the continued use of a constant partition coefficient can be scientifically justified. Three main factors militate against it. First, as has been shown ) the amount of alcohol in the plasma which equilibrates with the alveolar air is not constant for a given blood concentration but varies directly with the hxematocrit. Second, some degree of ventilation/perfusion ratio inequality exists in different parts of the lung even in healthy individuals so that complete equilibrium between the pulmonary blood and the alveolar air is unlikely to be achieved. And third, the proportion in breath of dead space air to alveolar air changes with the depth of respiration. Thus it must be concluded that there is no physiological justification for the claim by the Special Committee of the British Medical Association (1965) that 'there is a constant partition ratio between alcohol in the pulmonary circulation and alcohol in the breath so that at 34°C 2100 ml of breath contain the same amount of alcohol as I ml of blood'. Accordingly the blood/breath ratio can be no more than a statistical convenience useful for defining the limits of a particular universe but its use to derive individual blood alcohol levels from the measurement of alcohol in breath has little scientific justification and more particularly its use in this way for law enforcement purposes can only be deplored.
Professor Vincent Marks (University ofSurrey, Guildford, Surrey) Alcohol and Changes in Body Constituents; Glucose and Hormones Alcohol affects many of the body constituents to a greater or lesser extent. It is clearly impossible, therefore, in the space of one short paper, to deal with more than one or two and I have chosen to consider only certain aspects of the effect of alcohol on glucose metabolism and some of its associated endocrine systems. More information about closely related aspects, including the diabetogenic effects of alcohol (Phillips & Safrit 1971); its influence upon oral (Domhorst & Ouyang 1971) I want at this point to emphasize the importance of distinguishing between the acute metabolic effects of alcohol and the metabolic consequences of chronic over-indulgence and which may themselves be secondary to an acquired or associated abnormality, such as liver disease (Megyesi et al. 1967) . Failure always to do so in the past may account for some of the confusion in the literature.
In considering the acute effects of alcohol its route of administration must be taken into account and, perhaps even more important, whether the experimental subject is alcohol-naive or -habituated. The state of nutrition, composition of the diet and degree of physical activity are also important.
Effect ofAlcohol in Blood Glucose
The classical viewderived largely from studies in animals and reiterated in standard text books of pharmacologyis that alcohol causes a rise in blood glucose by mobilization of glycogen from the liver but must be modified in the light of experimental evidence in man. This indicates that, in moderate doses, i.e. sufficient to raise the blood alcohol level to about 100 mg/100 ml, alcohol produces no significant change in blood glucose (Arky & Freinkel 1966; Merry & Marks 1971; Bellet et al. 1971) . With large doses, i.e. sufficient to produce moderate to severe inebriation, alcohol may cause a modest (20-50%) rise in blood glucose in recently fed or post-absorptive alcohol-naive subjects, but no such effect is observed, even with large doses of alcohol, in the habituated subject (Merry & Marks 1971) .
Chronic alcoholics and alcohol-naive subjects differ also in that alcohol evokes a rise in plasma cortisol in the latterpresumably due to activa-
